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[57] ABSTRACT

Substituted cyclohexane derivatives for the treatment
of diseases Esters of cyclohexane derivatives of the
formula I

O
I

RS Y/\ Z.--f

R4

R3

in which A—B, R3, R4, R>, Y and Z have the meanings
indicated, for use as inhibitors of the glucose-6-phospha-
tase system of the liver in mammals are described. The
compounds are suitable for the production of pharma-
ceutical preparations.
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SUBSTITUTED CYCLOHEXANE DERIVATIVES
FOR THE TREATMENT OF DISEASES

The clinical picture of diabetes is characterized by
increased blood sugar values. In insulin-dependent or
type I diabetes, the cause is the death of the insulin-pro-
ducing B-cells of the pancreas; treatment is therefore
carried out by insulin administration (substitution ther-
apy). The non-insulin-dependent or type II diabetes, on
the other hand, is characterized by a reduced insulin
action on muscle tissue and fatty tissue (insulin resis-
tance) and an increased glucose production of the liver.
The causes of these metabolic disorders are still largely
unexplained. The established therapy with sulfonylu-
reas attempts to compensate for the insulin resistance by
increasing the endogenous release of insulin, but does
not lead in all cases to a normalization of the blood
sugar level and may not check the progress of the dis-
ease; many type lI diabetics finally become insulin-
dependent due to “exhaustion” of the 8-cells and suffer
from late damage such as cataracts, nephropathies and
angiopathies. |

Novel therapy principles for the treatment of type II
diabetes are therefore desirable.

The concentration of the blood glucose in the fasting
state 1S determined by the glucose production of the
liver. It was possible for various teams to show that the
increase in the blood sugar values in type II diabetes
correlates with a proportionally increased release of
glucose from the liver. The glucose released into the
blood from the liver can be formed both by degradation
of liver glycogen (glycogenolysis) and by gluconeogen-
esis.

Glucose-6-phosphate is the common end product
both of gluconeogenesis and of glycogenolysis. The
terminal step of the hepatic release of glucose from
glucose-6-phosphate is catalyzed by glucose-6-phospha-
tase (EC 3.1.3.9). Glucose-6-phosphatase is a multi-
enzyme complex occurring in the endoplasmic reticu-
lum (ER). This enzyme complex consists of a glucose-6-
phosphate translocase present in the ER membrane, a
glucose-6-phosphatase localized on the luminal side of
the endoplasmic reticulum and of a phosphate translo-
case [for a general survey see: Ashmore, J. and Weber
G., ““The Role of Hepatic Glucose-6-phosphatase in the
Regulation of Carbohydrate Metabolism™, in Vitamins
and Hormones, Vol. XVII (Harris R. S., Marrian G. F.,
Thimann K. V., eds), 92-132, (1959); Burchell A., Wad-
dell 1. D., “The molecular basis of the hepatic micro-
somal glucose-6-phosphatase system”, Biochim. Bio-
phys. Acta 1092, 129-137, (1990)]. The extensive litera-
ture available shows that under all conditions investi-
gated which lead to increased blood glucose values in
animal experiments, streptozotocin, alloxan, cortisone,
thyroid hormones and fasting, the activity of this multi-
enzyme complex is also increased. Moreover, numerous
investigations indicate that the elevated glucose pro-
duction observed in type Il diabetics is associated with
an elevated glucose-6-phosphatase activity. The impor-
tance of the glucose-6-phosphatase system for a normal
glucose homeostasis is further underlined by the hypo-
glycemic symptoms of patients with glycogenosis type
Ib, who lack the translocase component of the glucose-
6-phosphate system. o

A reduction of the glucose-6-phosphatase activity by
suitable active substances (inhibitors) should lead to a
correspondingly reduced hepatic glucose release. These
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active substances should be able to adjust the glucose
production of the liver to the effective peripheral con-
sumption. The blood glucose values which, as a result,
are reduced in the fasting state of type II diabetics, may
moreover have also had a preventive action with re-
spect to diabetic late damage.

A number of non-specific inhibitors of glucose-6-
phosphatase have been described in the literature, such
as phlorhizin [Soodsma, J. F., Legler, B. and Nordlie,
R. C., J. Biol. Chem. 242, 1955-1960, (1967)], 5,5'-dithi-
obis-2-nitrobenzoic acid [Wallin, B. K. and Arion, W.
J., Biochem. Biophys. Res. Commun. 48, 694-699,
(1972)], 2,2'-diisothiocyanatostilbene and 2-isothi-
ocyanato-2'-acetoxystilbene [Zoccoli, M. A. and Kar-
nowski, M. L., J. Biol. Chem. 255, 1113-1119, (1980)l.
To date, however, there are still no therapeutically
utilizable inhibitors of the glucose-6-phosphatase system
available.

Substituted cyclohexane derivatives, which are de-

fined 1n greater detail below, are compounds from the
chemical and biological literature which are known in

some cases and which could be isolated from numerous
plants (R. Krasemann, Arch. Pharm. 293, 721 (1960)).
However, only little is known about the pharmacologi-
cal and biochemical actions of these esters. Chlorogenic
acid, a typical representative of the compounds men-
tioned here, has been described, inter alia, as an inhibi-
tor of ipoxygenase (M. Nishizawa et al., Chem. Pharm.
Bull., 34(3), 1419 (1986)).

We have now found that certain esters of substituted
cyclohexanecarboxylic acids, such as e.g. chlorogenic
acid (No. 17 of the compounds investigated by us), are
inhibitors of the glucose-6-phosphatase system.

The invention therefore relates to esters of cyclohex-
ane derivatives, of the formula 1

i
R3
YA Z..-"'

in which
A—B 1s the group

FI{G )l{.....RI
H R?
or
the group
II{6 }I{_RI

Rlis: CN, COOH, COO—(C;~Cs-alkyl) , C;-Cs-alkan-
oyl, SO3—(C1-Cs-alkyl) , SOz3H, PO(OH);, PO(OH)
(O—C1-Cs-alkyl) or PO(O—C;~C4-alkyl),

R2is: H, OH or F, |

R3 is: H, phenyl, naphthyl, pyridyl, thienyl or furyl,
where the aromatic or heteroaromatic system can be
monosubstituted or polysubstituted by F, Cl, Br, I,
OH, NO;, Cij-Cs-alkanoyl, Ci-Cs-alkoxy, C;-Cy-
alkyl, phenyl, phenoxy, thienyl, furyl, pyridyl, imid-
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azolyl or benzyloxy, where the substituents are iden-

tical or different,

R4, R5 and R%are: H, OH, F, Cl, Br, C;-Cs-alkanoyl,
C1-Cs-alkyl, phenyl, phenoxy, thienyl, furyl, pyndyl,
imidazolyl or benzyloxy, where R4, R3and R® are
identical or different,

X 18: —(CH3y)p—, —CH—CH— or —CH;OCH7—,

Y is: —(CHy),—,0, S or NH,

Z 1s: —(CH3z),— or —CH=CH— and

n is: zero, 1, 2, 3 or 4 for use as inhibitors of the glucose-
6-phosphatase system of the liver in mammals.

The use of those compounds of the formula I is pre-
ferred in which the radicals have the following mean-
ing:

R! is: COOH, COO—(Ci-Cs-alkyl) , PO(OH),
PO(OH) (O—C-Cs-alkyl) or PO(O—C1-C4-alkyl)s,

R2is: H or OH,

- R3 is: H, phenyl, naphthyl, pyridyl, thienyl or furyl,

where the aromatic or heteroaromatic system can be

monosubstituted, disubstituted or trisubstituted by F,

Cl, Br, I, NO,, OH, C;-Cs-alkanoyl, C1-Cs-alkoxy,

C1-Cs-alkyl, phenyl, phenoxy, thienyl, furyl, pyridyl,

5,451,573
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imidazolyl or benzyloxy, where the substituents are

identical or different,

R4, R’ and Rbare: H, OH, F, Cl, Br, C;-Cs-alkanoyl,
C1~Cs-alkyl, phenyl, phenoxy, thienyl, furyl, pyridyl,
imidazolyl or benzyloxy, where R4, R5 and RO are
identical or different,

X is: —(CH3)y—, —CH=—CH— or —CH;OCH>—,

Y is: —(CHz),—, O, S or NH,

Z 1s: —(CH3)y— or —CH—CH— and

n is: zero, 1, 2, 3 or 4.

The use of those compounds of the formula I is par-
ticularly preferred in which the radicals have the fol-
lowing meaning:

R!is: COOH or COO—(C1-Cg4- alkyl),

R21is: H or OH,

R3 is: H, phenyl, naphthyl, pyridyl, thienyl or furyl,
where the aromatic or heteroaromatic system can be
monosubstituted, disubstituted or trisubstituted by
identical or different F, Cl, OH, NO,, C;-Cs-alkan-
oyl, C1-Cs-alkoxy, Ci-Cgs-alkyl, phenyl, phenoxy or
benzyloxy,

R4, R? and R are: H or OH, where R4, R> and R® are
identical or different,

X 1s: —(CH3),— and n=zero, 1 or 2,

Y 1s: O or NH,

Z 1s: —(CH»),~—, where n=0 or 2, or —CH=—CH—.
The alkyl, alkoxy and alkanoyl radicals present in the
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compounds of the formula I are straight-chain or

branched.

The invention furthermore relates to the use of com-
pounds of the formula I for the treatment of diseases
which are associated with an increased activity of the
glucose-6-phosphatase system.

The invention also relates to the use of compounds of
the formula I for the treatment of diseases which are
assoclated with an increased glucose production of the
hiver.

The invention additionally relates to the use of com-
pounds of the formula I for the treatment of type II
diabetes (non-insulin-dependent or adult-onset diabe-
tes).

The invention furthermore comprises the use of com-
pounds of the formula I for the production of medica-
ments for the treatment of diabetes and other disorders
which are characterized by an increased discharge of

53

65

4

glucose from the liver or an increased activity of the
glucose-6-phosphatase system.

The action of the compounds according to the inven-
tion on the glucose-6-phosphatase system was investi-
gated in an enzyme test in liver microsomes.

Fresh liver organs of male Wistar rats were used for
the preparation of the microsome fraction containing

the glucose-6-phosphatase and processed as described in
the literature [Canfield, W. K.. and Arion, W. J., J. Biol.

Chem. 263, 7458-7460, (1988)]. This microsome frac-
tion can be stored at —70° C. for at least 2 months
without significant loss of activity.

The detection of the glucose-6-phosphatase activity
was carried out as indicated in the literature (Arion, W.
J. in Methods Enzymol. 174, Academic Press 1989,
pages 58-67) by determination of the phosphate re-
leased from glucose-6-phosphate. 0.1 ml of test mixture
contained glucose-6-phosphate (1 mmol/1), the test sub-
stance, 0.1 mg of microsome fraction and 100 mmol/1 of
HEPES buffer (4-(2-hydroxyethyl)piperazine-1-ethane-
sulfonic acid), pH 7.0. The reaction was started by addi-
tion of the enzyme. After 20 min had passed at room
temperature, the reaction was stopped by addition of 0.2
ml of phosphate reagent. The sample was incubated at
37° C. for 30 min, and the absorption (A) of the blue
color was then measured at 570 nm. The inhibitory
activity of the test substance resulted by comparison
with a control reaction, which contained no test sub-
stance, according to the formula

A(canrral) — A( test substance)

Percentage inhibition =
A(canrral)

X 100

The inhibitory values obtained for a number of com-
pounds of the formula I are shown by way of example
in Tables 1-3. The compounds investigated are in some
cases known from the literature. The preparation i1s
described in the exemplary embodiments.

TABLE 1

Concentration Inhibition Compound
R3 [M] [%] No.
HO OH 3.1 x 10—% 50 1
— QOH
HO OH 3.1 X 104 50 2
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TABLE 1-continued
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TABLE 1-continued

O
\ OH 0
( .oH \ OH
5 LOH
O
i - ‘l?
HO i ! o /\/\R3 o
HO' _ 07 N\F g3
OH E
. Concentration Inhibition Compound
R [M] [%] No. Concentration Inhibition Compound
OH 6.8 X 10—4 50 3 R3 [M]) [%] No.
; 78 X 10—% 50 13
HO >
HO 6.8 %X 10—4 50 4 20 1 x 10—3 20 14
OH H3C_ ﬂ
25
OMe 4.1 X 10—4 50 5 HO 4.6 x 10~4 >0 15
30 |
OH 4.6 X 10—4 50 6
1x10-3 35 16
OMe
35
NO2
OH 5.3 x 10—4 50 7
—4
OH 2.3 x 10 50 17
40
OH
2.6 X 10—% 50 8
6.8 X 10—4 50 17a
| OCH;
HO 48 X 104 50 9
50
@ . TABLE 2
In-
. Concen- hibi- Com-
F 1 X 10 50 10 tration tion pound
33 Structure [M] [95] No.
OH | O D 6.8 X 10—% 50 18
HO ]I
’ OH
3
1 % 10 20 11 60 1O 0
OH
—
Oh
O

—4 '
3.8 X 10 50 12 65 I\©

A3
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TABLE 2-continued
In-
Concen- hibi- Com-
tration tion pound g
Structure [M] [%] No.
0O 9.2 X 10—% 50 19
Ho,
Ho” Y Yo 10
OH
S
OH
15
TABLE 3
O
il
F
R = 20
OH
Com-
Concentration Inhibition pound 25
Structure [M] [%%] No.
0O 1 X% 103 10 20a
\\ \_- OH
HO
30
O 1 % 103 30 20 35
\ OH .
HO y
HO . s
HO™ 0 40
E ~Rr
OH |
2.3 x 10—% 0
\\ OH X 5 21
HO, 45
HO™ N\ 0
2 ~n
OH 50
O 1 % 10—3 20
\\ OH X 22
H”
55
’ O
E SR
OH
(I? 1 % 10—3 30 23 60
HO OH
Y O 65
HO -
= ~r
OH
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TABLE 3-continued
| )
| |
/\///\ S
R = |
OH
Com-
Concentration Inhibition pound
Structure [M] [%] No.
(II) i % 103 45 24
HO, OH
HO™ NG o
SR
OH
—4
O S OH 2.5 X 10 50 25
HO ™ N 0
R
OH
0% OH 1 x 10—3 15 26
o™ N\ NH
= ~R
OH
Oy _OCH; 1 X 10—3 15 27
P
OCH»
HO™ N 0O
= R
OH
-3
Oy _-OH 1 X 10 28 28
P“N..
OH
o™ £ Yo
2 SR
OH

The pharmaceuticals according to the present inven-
tion, which are prepared according to customary pro-
cesses, can also contain pharmaceutically acceptable
additives, such as diluents and/or excipients, in addition
to compounds of the formula I. Among these are to be
understood physiologically acceptable substances
which, after mixing with the active compound, convert
the latter into a form suitable for administration.

Oral administration is preferred

Suitable solid or liquid pharmaceutical preparation
forms are, for example, tablets, coated tablets, powders,
capsules, syrups, emulsions, suspensions, drops and
preparations having protracted release of active com-
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pound. Frequently used excipients or diluents which
may be mentioned are e.g. various sugars or types of
starch, cellulose derivatives, magnesium carbonate,
gelatin, animal and vegetable oils, polyethylene glycols,
water or other suitable solvents and also water-contain- 3
ing buffering agents, which can be rendered isotonic by
addition of salts. If appropriate, surface-active agents,
colorants and flavorings, stabilizers, and also preserva-
tives can additionally be used as further additives in the
pharmaceutical preparations according to the inven-
tion.

Preferably, preparations can be prepared in dose
units. Tablets and capsules in particular are examples of
suitable dose units. Each dose unit, in particular for oral ;s
administration, can contain up to 500 mg, but preferably
10 to 200 mg, of the active constituent. However, dose
units of over or under this amount can also be used,
which, if appropriate, are to be divided or to be multi-
plied before administration. If appropriate, the dose 20
units can be microencapsulated for oral administration
in order e.g. to delay the release. Controlled release is
also achieved, for example, by covering or enclosing
particulate material in suitable polymers, waxes or the
like. 25

The compounds' mvestigated were synthesized as
described below.

10

Reaction scheme 1 30
OH
0=/
" OH
—> 35
HO" N OH
OH
a
40
O
Vs
HO, \
o % 45
0" ™ '
O
50
b
O 33
V4
AN
Si/\/ O\/O "
/7 N\
O %
s 60
O 5
O
65

10
-continued
__Reaction scheme 1
O
N ™\_0.__O L -
Si S OM
/7 \ ; J_,,.Zvlm
R I
v 0
0 . OH ———————
O
d
O
N\ _/\/0 O u\
Si N OH
/" \
0 N o —>
o 0% >z
13
e
O
Ho A
OH
HO™ N o
) = -‘f
OH 0..--' 7
1
f
M = alkali metal - Im = imidazolyl

Preparation of b from a

163.3 g (0.85 mol) of compound a (Fischer, Dang-
schat, Chem. Ber. 65, 1009 (1932)) were suspended in
186 ml (1.8 mol) of cyclohexanone and 0.5 ml of conc.
sulfuric acid was added. The mixture was then heated
slowly to a heating bath temperature of 200° C. and a
water/cyclohexanone azeotrope was removed by distil-

lation. After azeotrope no longer distilled over, the light
brown reaction solution was stirred at a bath tempera-

ture of 200° C. for a further 2 h. The reaction solution
was then allowed to cool to 70° C. and 10 g of sodium
hydrogencarbonate were added. It was then treated
with 700 ml of ethyl acetate, and the organic phase was
washed with water and saturated sodium chloride solu-
tion. The organic phase was then concentrated in
vacuo. The light yellow residue was crystallized from
isopropanol/water 1:1 and 142.1 g (75%) of lactone b
were obtained as colorless crystals. M.p.: 140°-141° C.

Preparation of ¢ from b

38.14 g (0.15 mol) of hydroxylactone b were dis-
solved in 180 ml of dichloromethane. 53.0 ml (0.3 mol)
of diisopropylethylamine were added. 45.0 ml (0.254
mol) of trimethylsilylethoxymethyl chloride were
added dropwise at room temperature to this solution
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and it was stirred at reflux temperature for 6 h. The
reaction solution was then added to saturated ammo-
nium chloride solution and extracted using ethyl ace-
tate. The combined organic phases were extracted using
cold 1N potassium hydrogensulfate solution at about 6°
C. and dried using sodium sulfate. After concentration
in vacuo, a light yellow residue was obtained which was

crystallized from heptane/EA 6:1. 57.0 g (98%) of c
were obtained. M.p.: 100°-102° C.

Preparation of d from ¢

1.38 g (3.6 mol) of ¢ were dissolved in 8§ ml of diox-
ane. After addition of 0.4 ml of water, 3.8 ml of IN
sodium hydroxide solution were added dropwise at

10

room temperature. The reaction mixture was stirred for 12

2 h and then concentrated in vacuo. 1.3 g (85%) of d
were obtained as an amorphous solid.

TH-NMR (270 MHz, d-DMSO): d=0.01 ppm (s,
9H), 0.72-0.89 (m, 2H) , 1.21-1.62 (m, 10H) , 1.65-1.78
(m, 1H) , 1.82-1.92 (m, 1H), 1.94-2.08 (m, 2H),
3.38-3.63 (m, 3H), 3.82-3.88 (m, 1H), 4.18-4.27 (m, 1H)
, 4.61-4.72 (m, 2H), 7.80-7.90 (m, 1H).

Steps d, e and f are described by example of the prep-
aration of compound 8&.

Preparation of compound 8§

Reaction scheme 2:

HO —>
RA
0
/ Y\
SEMO © —_—
3B
OH
/ *
SEMO °©
8C
[
S
/ A\
SEMO ©
8D
8D+

20

25

30

35

45

60
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12

-continued

Preparation of 8C (from 8A via 8B)

10.0 g (0.052 mol) of p-hydroxycinnamic acid ester
(8A) were dissolved in 60 ml of anh. dichloromethane.
27 ml (0.156 mol) of duisopropylethylamine were added
and 19.5 ml (0.11 mol) of trimethylsilylethoxymethyl
chloride were added dropwise at room temperature
under an argon atmosphere. The mixture was stirred at
room temperature for 4 h and the reaction solution was
then poured onto ice-cooled ammonium chloride solu-
tion. The mixture was extracted using ethyl acetate, and
the combined organic phases were washed successively
with ice-cold 1IN potassium hydrogensulfate solution
and saturated sodium chloride solution. After drying of
the organic phase using sodium sulfate, the mixture was
concentrated in vacuo. 16.8 g of ether 8B were ob-
tained, which was dissolved without farther purifica-
tion in 600 ml of dioxane and treated at room tempera-
ture with 160 ml (0.8 mol) of SN sodium hydroxide
solution. After 24 h, the methanol was removed by
distillation in vacuo, and the aqueous suspension of the
sodium salt of 8C was acidified to pH 4 using 2N hydro-
chloric acid. The acid 8C precipitated almost quantita-
tively and could be filtered off with suction and washed
with water. 16.02 g of 8C were obtained. M.p.: 93°~96°
C.

Preparation of 8E from 8C and d (corresponds in the
general scheme 1 to stage e)

a) 7.95 g (27 mmol) of 8C were dissolved in 35 ml of
anh. dimethylformamide. A solution of 4.54 g (27
mmol) of carbonyldiimidazole dissolved in 35 ml of anh.
dimethylformamide was added dropwise at room tem-
perature. This solution was then heated at 60°-70° C.
for 1 h, during the course of which evolution of CO2
was to be observed.

b) 0.75 g (0.025 mol) of sodium hydrde (80%
strength) was added at room temperature under an
argon atmosphere to a solution of 8.92 g (0.021 mol) of
sodium sait d in 50 ml of anhydrous dimethylformam-
1de. This suspension was stirred for 1 h at room temper-
ature and the solution of the imidazolide 8D prepared as
in a) was then added at 0°-5° C. The solution was stirred
at 0°-5° C. for 2.5 h and the reaction mixture was then
added to saturated ammonium chloride solution. The
mixture was acidified to pH 4 by addition of 1N potas-
sium hydrogensulfate solution and extracted using ethyl
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acetate. The combined organic phases were washed
successtvely with saturated ammonium chloride solu-
tion, water and saturated sodium chloride solution. The
organic phase was dried using sodium sulfate and con-
centrated in vacuo, and the oily residue was chromato-
graphed on silica  gel (eluent: ethyl acetate/n-heptane/-
glacial acetic acid 20:60:1). 10.3 g (78%) of 8E were
obtained as a colorless oil.

'H-NMR (270 MHz, CDCI3): d=0.02 ppm (s, 9H),
0.05 (s, 9H) , 0.91-1.03 (m, 4H) , 1.5-1.78 (m, 10H) ,
1.91-2.05 (m, 1H) , 2.28 -2.42 (m, 2H) , 2.57-2.63 (m,
1H) , 3.68-3.90 (m, 4H), 4.14-4.20 (m, 1H), 4.42-4.52
(m, 1H), 4.91-4.96 (m, 1H), 5.11-5.18 (m, 1H), 5.24 (s,
2H), 5.21-5.34 (m, 1H), 6.32 (d, J=10 Hz, 1H),

14

chloric acid at room temperature with stirring. The

~ mixture was stirred at room temperature for 20 h. After

d

10

7.02-7.08 (m, 2H), 7.42-7.5 (m, 2H), 7.65 (d, J=10 Hz, 15

1H), 13 (s, br, COOH), 1H).

Preparation of 8 from 8E (corresponds in the general
scheme 1 to stage f)

5.02 g (7.4 mmol) of 8E were dissolved in 130 ml of

dioxane and treated with 95 ml (0.19 mol) of 2N hydro-

the reaction had ended, the clear solution was adjusted
to pH 34 using 2N sodium hydroxide solution and
concentrated 1n vacuo. The solid residue was stirred in
ethyl acetate/methanol 3:1 and the insoluble sodium
chloride was filtered off. The filtrate was concentrated
again and the residue was chromatographed on silica
gel (ethyl acetate/methanol/water/glacial acetic acid
100:10:10:5). 1.95 g (70%) of 8 were obtained. M.p.:
235°-238° C.

The examples (compounds) indicated in Table 4 were
prepared according to the above process. The synthesis
of the compounds containing hydroxy groups in the
radical R3 of the general formula I differed here, by the
corresponding protective group operations, from the
others, in which these were not necessary.

The physical data of the examples synthesized are
summarized in the following Tables 4 and 5.

TABLE 4
COOH
O
L
O/\//\RS
OH
Physical data
R3 (NMR/MS or melting point) Compound No.
HO OH m.p.: 105-110° C. 1
HO OH IH.NMR (270 MHz, dg-DMSO): d=1.72- 2
2.08(m, 4H), 3.51-3.62(m, 1H), 3.91-
| 3.99(m, 1H), 4.7-4.95(m, 2H), 5.08~
5.17(m, 1H), 6.49(d, J=10 Hz, 1H),
6.61-6.70(m, 1H), 6.69-6.88(m, 1H),
6.98-7.08(m, 1H), 7.82(d, J=10 Hz,
1H), 9-10(s, br, 2H), 12-13(s, br, 1H)
OH MS(Cl)=355.7 M+HT) 3
HO
HO m.p.: 180° C. ‘ 4
OMe m.p.: 110-120° C. 5
OH m.p.: 166-169° C. 6
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OH
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TABLE 4-continued
HO COOH

O

|
HO e 0/\//\R3

OH

Physical data
(NMR/MS or melting point)

IH.NMR (270 MHz, D-DMSO): d=1.72~

2.10(m, 4H), 3.21-3.60(m, 3H), 3.90-
4.00(m, 1H), 4.70-4.82(m, 1H), 4.85-
4.95(m, 1H), 5.05-5.15(m, 1H), 6.37
(d, J=10 Hz, 1H), 6.81-6.85(m, 1H),
7.0~7.05(m, 1H), 7.09-7.15(m, 1H),
7.18-7.27(m, 1H), 7.5(d, J=10 Hz, -
1HD, 9.6(s, br, 2H), 11-13(COOH, 1H)

m.p.: 235-238° C. (decomposition)

m.p.: 105-110° C.

m.p.: 208-211° C.
MS(Cl)=357 M+H*)

m.p.: 195-200° C. (decomposition)

m.p.: 85-95° C.

TH-NMR (270 MHz, dg-DMSQ): d=1.72~
2.10(m, 4H), 3.1-3.7(m, 3H), 3.90-

4.00(m, 1H), 4.7-5.0(m,2H), 5.06-

5.13(m, 1H), 6.32(d, J=10 Hz, 1H),
7.52-7.65(m, 3H), 7.95-8.02(m, 1H),
MS(CI) - 329.1 M +H)

m.p.: 178-181° C.

m.p.: 180-185° C.

IH-NMR (270 MHz, dg-DMSO): d=1.73-
2.10(m, 4H), 3.25-3.41(m, 1H), 3.52-
3.62(m, 1H), 3.78(s, 3H), 3.82(s, 3H),
3.91-4.99(m, 1H), 4.72-4.83(m,1H),
4.86-4.92(m, 1H), 5.05-5.18(m, 1H),
6.45(d, J=10 Hz, 1H), 6.97-7.03(m, 1H),
7.18-7.27(m, 1H), 7.30-7.36(m, 1H),
7.52(d, J=10 Hz, 1H), 12.5(s, br, 2H)

Compound No.
7

10

11

12

13

14

16

17a

16
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TABLE 4-continued
HO, 4 COOH
Q
|
HO™ 07 N\ g3
OH
Physical data
R3 (NMR/MS or melting point) Compound No.
OH m.p.: 208-210° C. 17
OH
TABLE 5
Compound 20
Structure Melting point No.
165-170° C. 18
25
30
O 235-240° C. 19
Ho, (decompo-
. OH sition) HO
W 35 o
HO T 7O
OH
Z
A0
OH
40

O

OO~ 45
N OH —>
3 50
O
;i o
20A
33
O.% O\ /F 0% fOH
X ' 0
X .
\S" ”‘”
1
: /N ®0 .z.
- - 0 % = y
@, S O =
_.SK O O
65

20B
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——> separation of
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Preparation of 20B from 20A

4.0 g (17.5 mmol) of the known compound 20A. (8. A.
Bowles et al., Tetrahedron 46, 3981 (1990)) were dis-
solved in 30 ml of anhydrous dimethylformamide. 1.61
g (23.7 mmol) of imidazole and 2.64 g (12.5 mmol) of
t-butyldimethylsilyl chloride were added. After 12 h at
25° C., the reaction solution was treated with 200 mi of
saturated ammonium chloride solution and extracted in
portions using 300 ml of methyl t-butyl ether. The com-
bined organic phases were washed with water and satu-
rated sodium chloride solution and dried using magne-
stum sulfate. 5.4 g (90%) of 20B were obtained as a
colorless oil.

IH-NMR (270 MHz, CDCIl3): =0.06 ppm (s, 3H),
0.09 (s, 3H), 0.76 (s, 9H), 1.39 (s, 6H), 2.23-2.40 (m, 1H),

2.48-2.62 (m, 1H) , 3.76 (s, 3H), 4.0-4.12 (m, 2H),

4.66-4.72 (m, 1H), 6.80-6.86 (m, 1H).

Preparation of 20C and 20D from 20B

5.4 g (15.8 mmol) of 20B were dissolved in 100 ml of
t-butanol. 1.9 g (25.3 mmol) of trimethylamine-N-oxide
and 20 ml] of water were added. 100 mg (0.4 mmol) of
osmium tetroxide complexed with 2.0 g of polyvinyl-
pyridine were then added and the mixture was stirred at
boiling point for 14 h. The catalyst was then filtered off,
the filtrate was concentrated and the residue was chro-
matographed on silica gel (eluent: ethyl acetate/n-hep-
tane 1:1). 2.5 g (42%) of 20C/20D were obtained in the
ratio 3:1 as a colorless oil.

Mixture of the two 1somers 20C/20D

IH-NMR (270 MHz,-CDCl3): §=0.08-0.14 (m, 6H) ,
0.88-0.92 (m, 9H), 1.38-1.40 (m, 3H), 1.51-1.55 (m, 3H),
1.80-2.0 (m, 1H), 2.28-2.48 (m, 1H), 3.61-4.52 (m,

Preparation of 20E and 20F from 20C and 20D

2.5 g (6.6 mmol) of a 3:1 mixture of 20C/20D were
dissolved in 60 ml of anhydrous dichloromethane. 5 ml
of 2,2-dimethoxypropane and 200 mg of pyridinium
p-toluenesulfonate were added. The reaction solution
was heated to boiling point for 6 h and the solution was
then concentrated in vacuo. The residue, a mixture of
20EF and 20F, was separated on silica gel (eluent: ethyl
acetate/n-heptane 3:1) and a total of 2.4 g (87%) of 20E
and 20F was obtained, in each case as colorless oils.

'H-NMR (270 MHz, CDCIl3): §=0.08 ppm (s, 3H),
0.09 (s, 3H), 0.90 (s, 9H), 1.34 (s, 3H), 1.39 (s, 3H), 1.45
(s, 3H), 1.50 (s, 3H), 1.72 (dd, J=13.5, J=12 Hz, 1H),
2.19(dd, J=4.0,J=14.5 Hz, 1H), 3.81 (s, 3H), 3.81-3.92
(m, 1H), 4.054.11 (m, 1H), 4.42-4.48 (m, 1H), 4.68-4.70

(m, 1H).

Preparation of 20G from 20E

1.4 g (3.4 mmol) of 20E were dissolved in 30 ml of
dioxane. 2 ml of 6N sodium hydroxide solution were
added dropwise. After 2 h, the reaction solution was
concentrated, treated with 200 mi of ethyl acetate and
added to 200 ml of saturated ammonium chloride solu-
tion. This mixture was acidified to pH 5 using 1N potas-
stum hydrogensulfate solution and the organic phase
was washed with saturated sodium chloride solution
and dried using sodium sulfate. After concentration, the
oily residue was dissolved in 15 ml of anhydrous THF
and 3.0 g (9.5 mmol) of tetrabutylammonium fluoride
(trihydrate) and 0.5 ml of triethylamine were added.
The solution was then heated at 60° C. for 12 h. The
solution was then concentrated and the residue was
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purified on silica gel (eluent: ethyl acetate/n-heptane/- gously to the synthesis procedures d-f (as described
glacial acetic acid 30:10:1). 600 mg (54%) of 20G were under 8). M.p.: 204°-206° C.

tained lorl ]
obtained as a colorless oi Preparation of 23

Preparation of 20H from 20F 5
20H was obtained from 20F analogously to the prepa- Reaction scheme 4
ration of 20G from 20E. ﬁ'
Preparation of 20 from 20H and of 20a from 20G
The synthesis of 20 and 20a was carried out analo- 1© E
gously to the synthesis procedures d-f (as described o OH
under 8). )
20:m.p.: 275° C. (decomposition) O
20c: m.p.: 165°-175° C. (decomposition) 5 23A
Preparation of compound 21
The lactone 21A known from the literature (8. O
Hanessian, Tetrahedron 45, 6623 (1989)) was converted )
into 21 analogously to the synthesis procedures d-f (as 20
described under 8. M.p.: 227°-229° C. —>
' o N\ OTHP
o $
V4 | O
\ ' 25 23B
o —> |
aw O
O HO =
0 30 O
| ———> Separation of
21A e the diastereomers
o - .V OTHP
35 O
- 23C
o _
I o
/
40 HO L |
O
21 of @ —>
o N OTHP
Preparation of 22 4 o
e, 23C
Vs
\ 50
0O —>
OH 55
22A

22 OH 65

The known compound 22A (S. Mills et al., Tetrahe- OH
dron Lett. 29, 281 (1988)) was converted into 22 analo- 23
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-continued
Reaction scheme 4

THP = tetrahydropyranyl

Preparation of 23B from 23A

20.0 g (88.4 mmol) of the compound 23 A known from
the Iiterature (J.-C. Barriere et al., Helv. Chim. Acta 66,
296 (1983)) were dissolved in 200 ml of anhydrous di-
chloromethane and treated at 25° C. with 14.9 g (176.8
mimnol) of dihydropyran and 200 mg of pyridinium p-tol-
uenesulfonate. This solution was stirred at room tem-
perature for 12 h. 500 ml of ethyl acetate were then
added and the organic phase was washed with sodium
hydrogencarbonate and saturated sodium chloride solu-
tion. The organic phase was dried using magnesium
sulfate and concentrated in vacuo. 26.0 g (95%) of 20B
were obtained as a colorless solid. M.p.: 55°-58° C.

Preparation of 23C from 23B

3.66 g (36 mmol) of diisopropylamine were dissolved
in 100 ml of anhydrous tetrahydrofuran. 25 ml of 1.5 M
n-butyllithium solution in hexane were added dropwise
at —20° C. under argon. The reaction solution was
allowed to warm to 0° C. and was then cooled again to
—60° C. 4.1 g (35.3 mmol) of t-butyl acetate dissolved in
20 ml of anhydrous tetrahydrofuran were slowly added
dropwise at this temperature. The solution was stirred
at —60° C. for 30 minutes and 10.0 g (32.2 mmol) of 23B
dissolved in 30 ml of anhydrous tetrahydrofuran were
then added dropwise at —60° C. After stirring for one
hour at the same temperature, the reaction mixture was
hydrolyzed using saturated sodium hydrogencarbonate
solution. The mixture was extracted using ethyl acetate
and the combined organic phases were washed with
saturated sodium chloride solution and dried using mag-

nesium sulfate. After concentration, 11.9 g (87%) of

23C were obtained as a light brown oil.

Preparation of 23D from 23C

11.9 g (27.9 mmol) of 23C were dissolved in 200 ml of
methanol. 1.8 g of pyridinium p-toluenesulfonate were
added. The mixture was heated at reflux temperature
for 1 h and the reaction solution was then concentrated.
The residue was dissolved in 200 ml of anh. dichloro-
methane and 8.6 g (93.5 mmol) of dimethoxypropane
were added. After 72 h at room temperature, the solu-
tion was concentrated in vacuo and the residue was
purified by chromatography on silica gel (eluent: ethyl
acetate/n-heptane 1:1). 6.6 g (82%) of 23D were ob-
tained.

TH-NMR (270 MHz, CDCl3) d=1.35 ppm (s, 3H),
1.47 (s, 9H), 1.53 (s, 3H), 1.9-2.12 (m, 1H), 2.22-2.32 (m,
1H), 2.43 (s, 1H), 3.87-3.94 (m, 1H), 4.12-4.25 (m, 1H),
4.35-4.45 (m, 1H).

Preparation of 23 from 23D

23 was obtained as a colorless solid analogously to
procedures d-f (as described under 8). M.p.: 85-92° C.

5,451,573

15

20

25

30

35

45

50

33

65

\\\\

24A

24D
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Preparation of 24

Reaction scheme 5

24B

OH

SEMO,
O =
o
24C
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OH
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Reaction scheme 5
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SEM = trimethylsilylethyloxymethyl- 15

Preparation of 24B from 24A

13.0 g (39 mmol) of 24A (J. R. Falck, J. Org. Chem.,
54, 5851 (1989)) were dissolved in 200 ml of anhydrous
toluene. 38 ml (43 mmol) of 1.2M diisobutylaluminum
hydride solution in hexane were added dropwise at
—70° C. The reaction mixture was allowed to warm to
0° C. in the course of 2 h and was hydrolyzed using 10
ml of saturated sodium hydrogencarbonate solution. 10
ml of IN sodium hydroxide solution and 10 ml of water
were then added successively. The reaction mixture
was treated with 50 g of magnesium sulfate and 50 g of
sodium sulfate with vigorous stirring. The mixture was 4,
stirred at room temperature for 30 min, the solid precip-
itate was filtered off with suction and the filtrate was
concentrated. 12.9 g (85%) of 24B were obtained as a
colorless oil which crystallized at 0° C. M.p.: 20°-25° C.

Preparation of 24C from 24B

7.5 g (33.5 mmol) of triethyl phosphonoacetate were
added dropwise at 0° C. under an argon atmosphere to
a suspension of 0.9 g (29.9 mmol) of 80% strength so-
dium hydride in 200 ml of anhydrous tetrahydrofuran.
The reaction mixture was slowly allowed to warm to
room temperature and the then clear brownish solution
was cooled to —30° C. 7.7 g (19.9 mmol) of 24B dis-
solved in 20 ml of anhydrous tetrahydrofuran were
added dropwise. This solution was stirred at —20° to
30° C. for 24 h and then treated with 100 ml of saturated
ammonium chloride solution. The mixture was ex-
tracted using ethyl acetate, and the combined organic
phases were washed with saturated sodium chloride
solution and dried using magnesium sulfate. After con-
centration in vacuo, the residue was purified on silica
gel (eluent: ethyl acetate/n-heptane 1:1), and 7.5 g
(82%) of 24C were obtained as a colorless oil.

TH-NMR (200 MHz, CDCl3): §=0.01 ppm (s, 9H),
0.85-1.0 (m, 2H), 1.1-1.85 (m, 15H), 2.1-2.25 (m, 2H),
2.35-2.5 (m, 1H), 3.42-3.9 (m, 3H), 4.1-4.4 (zn, 4H),
4.65-4.8 (m, 2H), 5.92 (d, J=15 Hz, 1H). MS (FAB):
463.3 (M+L1+).

~ Preparation of 24D from 24C

1.0 g (2.2 mmol) of 24C were dissolved in 50 mi of
ethyl acetate. 100 mg of Rh/Al;03 (5% Rh) were
added. The mixture was shaken at 25° C. and normal
pressure under a hydrogen atmosphere for 3 h. The 65
catalyst was filtered off and the filtrate was concen-
trated in vacuo. 0.95 g (94%) of 24D was obtained as a
colorless solid.
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Preparation of 24 from 24D

24 was obtained from 24D analogously to the synthe-
s1s procedures d-f (as described under 8). M.p.: 172° C.

(H20).

Preparation of 25

(EL ——
OH

o "

Oy _-OCH;3
O

25A

HO

OH

OH
25

The compound 25 was obtained from the precursor
25A known from the literature (J. L. Pawlak et al., J.
Org. Chem. 52, 1765 (1987)) analogously to the synthe-

sis procedures d-f (as described under 8). M.p.: 75°-80°
C. (foaming)

Preparation of 26 from 26A

é —>
NH>

o "

26A

O % OCH3
O

\\\\\

OH

The compound 26 was obtained from the precursor
26A known from the literature analogously to the syn-

thesis procedures d-f (as described under 8) as a color-
less amorphous solid.

'H-NMR (270 MHz, d-DMSO): d=1.95-2.14 ppm
(m, 1H), 2.55-2.70 (m, 1H), 3.62-3.76 (m, 1H), 4.08-4.26
(m, 2H), 4.55-4.75 (m, 1H), 4.9-5.1 (m, 1H), 6.48 (d,
J=10.0 Hz, 1H), 6.63-6.72 (m, 1H), 6.75-6.88 (m, 2H),
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7.29-7.46 (m, 3H), 7.89 (d, J=5 Hz, 1H), 9.70-10.0 (1H),
12.2-12.6 (1H). MS (Cl): 225.2 (M+H+) .

Preparation of 27 and 28

Reaction scheme 6

0% O
ﬂ"‘é\ '
o Y Yo-s
Ao

20B

OH
é\ |
o "N Ou?i I .
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27A
Br
é | |
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Reaction scheme 6
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Preparation of 27A from 20B

6.0 g (17.5 mmol) of 20B were dissolved in 100 m] of
anhydrous toluene. 29.2 ml of 1.2M diisobutylaluminum
hydride solution in hexane were added dropwise at
—20° C. The mixture was allowed to warm to 25° C. in
the course of 1 h and was cooled again to 0° C., and 20
ml of a 9:1 mixture of methanol/water were cautiously
added dropwise. A further 30 ml of a saturated ammo-
mum chloride solution were then added dropwise and
the reaction mixture was stirred at 25° C. for 30 min. It
was then extracted using ethyl acetate and the com-
bined organic phases were washed with saturated so-
dium chloride solution, dried using magnesium sulfate
and concentrated in vacuo. The residue was purified by
chromatography on silica gel (ethyl acetate/n-heptane
1:3). 3.5 g (63%) of 27B were obtained as a colorless oil.

IH-NMR (270 MHz, CDCl3): d=0.08 ppm (s, 3H),
0.11 (s, 3H), 0.89 (s, 9H), 1.39 (s, 3H), 1.46 (s, 3H),
1.97-2.09 (m, 1H), 2.19-2.30 (m, 1H), 3.88-3.92 (m, 1H),
3.98-4.09 (m, 4H), 4.62-4.68 (m, 1H), 5.76-5.82 (m, 1H)

Preparation of 27B from 27A

1.43 ml (19.6 mmol) of dimethyl sulfide were added
dropwise at 0° C. to a solution of 2.9 g (16.2 mmol) of
n-bromosuccinimide in 100 ml of anhydrous dichloro-
methane. After 5 min, the mixture was cooled to —20°
C. and 3.4 g (10.8 mmol) of 27A dissolved in 20 ml of
anhydrous dichloromethane were added dropwise. The
light yellow suspension was then slowly warmed to 25°
C. and stirred for 3 h. It was then treated with 100 ml of
saturated ammonium chloride solution and extracted
using 500 ml of ethyl acetate. The combined organic
phases were washed with saturated sodium chloride
solution and dried using magnesium sulfate. After con-
centration, the residue was purified by chromatography
on silica gel (eluent: ethyl acetate/heptane 1:3) and 3.7
g (98%) of 27B were obtained as a colorless oil.

TH-NMR (270 MHz, CDCI3) §=0.09 ppm (s, 3H),
0.10 (s, 3H), 0.89 (s, 9H), 1.38 (s, 3H), 1.41 (s, 3H),
2.09-2.21 (m, 1H), 2.35-2.45 (m, 1H), 3.92 (s, 2H),
3.97-4.05 (m, 2H), 4.38—4.65 (m, 1H), 5.83-5.89 (m, 1H)
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MS (CD): 377.1 (M +H+) .

Preparation of 27C from 27B

3.0 g (7.6 mmol) of 27B were heated at 90° C. for 6 h
in 42 ml of trimethyl phosphite. The excess phosphite
was then removed by distillation 1n vacuo and the resi-
due was purified by chromatography on silica gel (elu-
ent: ethyl acetate/methanol 5:1). 3.0 g (93%) of 27C
were obtained as a colorless oil.

Preparation of 27D from 27C

3.0 g (7.4 mmol) of 27C were dissolved in 50 ml of

methanol. 1 ml of 1IN hydrochloric acid was added.
After 24 h, the reaction solution was neutralized using

IN sodium hydroxide solution and concentrated to

dryness in vacuo. The residue was taken up in 50 ml of

anhydrous dichloromethane, 5 ml of dimethoxypropane
and 0.5 g of pyridinium p-toluenesulfonate were added
and the mixture was heated at 40° C. for 4 h. The solu-
tion was then added to saturated sodium hydrogencar-
bonate solution and the mixture was extracted using 500
ml of ethyl acetate. The combined organic phases were
washed with saturated sodium chloride solution, dried
using magnesium sulfate and concentrated in vacuo.
The residue was purified by chromatography on silica
gel (eluent: ethyl acetate/methanol 10:1) and 1.5 g
(70%) of 27D were obtained as a colorless oil.

Preparation of 27 from 27D

The compound 27 was obtained from 27D analo-
gously to the synthesis procedures e-f (as described
under 8).

TH-NMR (200 MHz, d¢-DMSO): §==2.05-2.22 ppm
(m, 1H), 2.55-2.8 (m, 1H), 3.4-3.55 (m, 1H), 3.6 (s, 3H),
3.65 (s, 3H), 4.05-4.15 (m, 1H), 4.3-4.4 (m, 1H), 4.6-4.8
(m, 3H), 5.0-5.15 (m, 1H), 5.55-5.68 (m, 1H), 6.3-6.45
(m, 1H), 6.37-6.45 (m, 2H), 7.5-7.7 (m, 3H), 10.0 (s, 1H).

MS (ClI): 399 (M +), 381 (M +-H0).

Preparation of 28 from 27

135 mg (0.34 mmol) of 27 were dissolved in 10 mi of
anhydrous acetonitrile. 155 mg (1 mmol) of trimethyl-
silyl bromide were added dropwise at 0° C. The mixture
was stirred for 30 minutes and $ ml of water were then
added. It was treated with 1N sodium hydroxide solu-
tion until a pH of about 5 was obtained and concen-
trated in vacuo. The residue was purified by chroma-
tography on RP-8 silica gel (eluent: water/methanol
4:1) and 23 mg (18%) of 28 were obtained as a colorless
solid. M.p.: 180°-185° C.

The pharmaceutical preparations are pre:pared ac-
cording to generally customary processes.

EXAMPLE 1 Tablets

Tablets which are suitable for oral administration and
which contain the below-mentioned constituents were
prepared in a manner known per se by granulating ac-
tive compounds and auxiliaries and then pressing to
give tablets.

Constituents (per tablet) Weight (mg)
Compound of the formula I (e.g. compound 17) 50 mg
Lactose 100 mg
Cormnstarch 30 mg
Talc 3 mg
Colloidal silica 3 mg
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-continued
Constituents (per tablet) Weight (mg)
Magnesium stearate 2 mg
EXAMPLE 2 Capsules

Capsules which are suitable for oral administration
contained the below-mentioned constituents and were
prepared 1n a manner known per se by mixing active

compounds and auxiliaries and filling into gelatin cap-
sules.

Constituents (per tablet) Weight (mg)

Compound of the formuia I (e.g. compound 21) S0 mg
Lactose 100 mg
Cornstarch 30 mg
Talc 3mg
Colloidal silica 3mg
Magnesium stearate 2 mg

We claim:
1. A cyclohexane derivative of the formula I

A ..-"B I
i
R3
RS YA z..--*
R4

in which
A—B 1s the group

R X—R!

|

|

H R2?
or
the group

1?'6 )I(...Rl

Rlis: CN, COOH, COO—(C;-C4-alkyl), C;-Cs-alkan-
oyl, SO3—(C1-Cy4-alkyl), SO3H, PO(OH);, PO(OH)
(O—C1-Cy-alkyl) or PO(O—C1-Cg-alkyD)a,

R2is: H, OH or F,

R3 is: H, phenyl, naphthyl, pyridyl, thienyl or furyl,
where the aromatic or heteroaromatic system can be
monosubstituted or polysubstituted by F, Cl, Br, I,
OH, NO;, C;-Cs-alkanoyl, C1-Cs-alkoxy, Ci-Cs-
alkyl, phenyl, phenoxy, thienyl, furyl, pyridyl, imid-
azolyl or benzyloxy, where the substituents are iden-
tical or different,

R4, R> and R are: H, OH, F, Cl, Br, C{—Cgs-alkanoyl,
C1-Cs-alkyl, phenyl, phenoxy, thienyl, furyl, pyridyl,
imidazolyl or benzyloxy, where R4, R> and R are
identical or different,

X 1s8: —(CH2)n—, ——-CH—CH— or —CH;OCHy;—,

Y 1s: —(CH>3),—,0, S or NH,

Z 1s: —(CHj3)— or —CH—CH— and

n 1s: zero, 1, 2, 3 or 4 for inhibition of the glucose-6-
phosphatase system of the liver in mammals.
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2. A compound as claimed in claim 1, in which the
radicals 1n formula I have the following meaning:
Rlis: COOH, COO-—(C;-Cs-alkyl), PO(OH),PO(OH)

(O—C-Cy-alkyl) or PO(O—C1-Cy-alkyl),, |
R2is: H or OH,

R3 is: H, phenyl, naphthyl, pyridyl, thienyl or furyl,
where the aromatic or heteroaromatic system can be
monosubstituted, disubstituted or trisubstituted by F,
Cl, Br, I, NO;, OH, C1-Cs-alkanoyl, C1-C4-alkoxy,
C1-Cs-alkyl, phenyl, phenoxy, thienyl, furyl, pyridyi,
imidazolyl or benzyloxy, where the substituents are
identical or different,

R4, R> and R6 are: H, OH, F, Cl, Br, C;-Cs-alkanoyl,
C1-Cs-alkyl, phenyl, phenoxy, thienyl, furyl, pyridyi,
imidazolyl or benzyloxy, where R4, R3 and RS are
identical or different,

X 1s: —(CH3)p—, —CH=—CH— or —CH>OCH)—,

Y 1s: —(CH3),—, O, S or NH,

Z 15: —(CHj),—or —CH—CH— and |

n is: zero, 1, 2, 3 or 4 for inhibition of the glucose-6-
phosphatase system in mammals.

3. A compound of the formula I as claimed in claim 1,
in which the radicals have the following meaning:
R1is: COOH or COO—(C;-C4-alkyl),

R2is: H or OH,

R3 is: H, phenyl, naphthyl, pyridyl, thienyl or furyl,
where the aromatic or heteroaromatic system can be
monosubstituted, disubstituted or trisubstituted by
identical or different F, Cl, OH, NO,, Ci-Cas-alkan-
oyl, C1-Cs-alkoxy, Ci-Cy-alkyl, phenyl, phenoxy or
benzyloxy,

R4, RJ and R are: H or OH, where R4, R5 and RS are
identical or different,

X 1s: —(CH3),— and n=2zero, 1 or 2,

Y is: O or NH,
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Z 1s: —(CH3),—, where n=0 or 2, or —CH=—CH— for

inhibition of the glucose-6-phosphatase system in

maminals. |

4. A method for the treatment of disorders which are
characterized by an increased glucose discharge from
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the liver or an increased activity of the glucose-6-phos-
phatase system which comprises administering to a host
in need of such treatment an effective amount of a com-
pound of the formula I as claimed in claim 1.

5. A method as claimed in claim 4 for the treatment of
diseases which are associated with an increased activity
of the glucose-6-phosphatase system.

6. A method as claimed in claim 4 for the treatment of

diseases which are associated with an increased glucose
production of the liver.
7. A method as claimed in claim 4 for the treatment of

type 1I diabetes.

8. A method for the production of pharmaceuticals
for the treatment of disorders which are characterized
by an increased glucose discharge from the liver or an
increased activity of the glucose-6-phosphatase system
which comprises incorporating in said pharmaceuticals
an effective amount of a compound of the formula I as
claimed in claim 1. |

9. A method as claimed in claim 8 for the production
of pharmaceuticals for the treatment of type II diabetes.

10. A pharmaceutical composition for the treatment
of disorders which are characterized by an increased
glucose discharge from the liver or an increased activity
of the glucose-6-phosphatase system, containing an
effective amount for said treatment of a compound of
the formula I as claimed in claim 1 together with a
pharmaceutically acceptable diluent or excipient.

11. A pharmaceutical composition as claimed in claim
10 for the treatment of type II diabetes.

12. A method for the treatment of disorders which
are characterized by an increased glucose discharge
from the liver or an increased activity of the glucose-6-
phosphatase system which comprises administering to a
host in need of such treatment a pharmaceutical compo-
sition as claimed in claim 10. |

13. A method as claimed in claim 12 for the treatment
of type II diabetes.

k % ok k%
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